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Mathematical Models for Predicting Ship Motion in Harbor Maneuvering and

Survey of Simple Methods for Model Construction

by

KITAGAWA Yasushi and SAWADA Ryohei

Abstract

The National Maritime Research Institute (NMRI) is developing a comprehensive simulation system (CSS) for
verifying the safety of autonomous ship systems. The CSS includes a ship-handling simulator and the Fast Time
Ship Simulator (FTSS) system. In this study, to develop a tool embedded in the FTSS for simulating a ship’s
maneuvering motion, we selected mathematical models of a ship’s maneuvering motion and surveyed simple
methodologies for constructing these models. The models were selected considering the following two aspects
of applications in the CSS. First, the models should be able to reproduce the maneuvering motion in various
operations including berthing. Second, the models must be computed quickly in order to verify many scenarios.
After selecting the models, intending the models can simulate the ship’s motion including the roll mode, we
surveyed simplified methods for constructing these models from previously published research and accumulated
a database of results of the model test owned in the NMRI. Finally, to demonstrate the developed FTSS applying
the selected models constructed using the surveyed methods and the database, 4-DOF (surge, sway, roll, and

yaw) maneuvering motions in one turning operation were simulated and validated.
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